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Abstrat
Quantum Cosmology and Gravity are formulated here as the primary and seondary
quantizations of the energy onstraints by analogy with the historial formulation of quantum
field theory. New fat is that both the Universe and its matter are reated from stable
vauum obtained by the Bogoliubov-type transformation just as it is in the theory of quantum
superfluid liquid. Suh the Quantum Gravity gives us possibility to explain topial problems
of osmology by the osmologial reation of universes and partiles from vauum.
Proeedings of the II International Conferene on Superintegrable Systems in Classial and Quantum
Mehanis, Dubna, Russia, June 27 - July 1, 2005, will be published in Yadernaya Fizika (2006).
Contents
1 Introdution 2
2 Quantum Cosmology 2
2.1 Foundations of General Relativity . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.2 Cosmology on the pathway to QFT . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.3 Hamiltonian redution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.4 Quantum Field Theory of universes . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.5 Bogoliubov transformation and reation of universes . . . . . . . . . . . . . . . . 5
2.6 Quantum anomaly of onformal time . . . . . . . . . . . . . . . . . . . . . . . . . 6
3 General Relativity 6
3.1 The Dira  ADM frame . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.2 Zel'manov's lass of funtions of diffeomorphisms . . . . . . . . . . . . . . . . . . 7
3.3 Separation of Sale Fator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.4 Hamiltonian Redution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.5 The low-energy deomposition of redued ation . . . . . . . . . . . . . . . . . . 9
3.6 The Quantum Universe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4 Conlusion 10
1
1 Introdution
Quantization of General Relativity (GR) [1, 2℄ and its osmologial approximation is one of
topial problems of modern physis. Wheeler and DeWitt [3℄ proposed to formulate the quantum
osmology and gravity by analogy with the primary quantization of the energy onstraint in
Speial Relativity (SR) [4℄ introduing the field spae of events in GR, where the role of time-
like variable is played by the spatial metri determinant onverting into the osmologial sale
fator in the homogeneous approximation.
In this ase the main problem is resolving the Wheeler  DeWitt (WDW) equation. In the
present paper, in order to solve this WDW equation and find its integrals of motion, we propose
to use the holomorphi variables and their Bogoliubov transformations [5, 6℄.
In Setion 2, the statement of problem and the diret way from Einstein  Hilbert's geometri
formulation of lassial osmology to the quantum one are onsidered. Setion 3 is devoted to
a similar quantization of Einstein  Hilbert's GR in the spirit of the mirosopi theory of
superfluidity [5, 7, 8℄.
2 Quantum Cosmology
2.1 Foundations of General Relativity
Einstein's GR [1℄ is based on the dynami ation proposed by Hilbert [2℄
SGR =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + Lmatter
]
, ϕ20 =
3
8pi
M2P lanck, (1)
where M2P lanck is the inverse oupling Newton onstant in units ~ = c = 1. This ation is given
in a Riemannian spae-time manifold with geometri interval
ds = gµνdx
µdxν . (2)
Both the ation and interval are invariant with respet to general oordinate transformations
xµ −→ x˜µ = x˜µ(x0, x1, x2, x3). (3)
2.2 Cosmology on the pathway to QFT
In order to demonstrate to a reader the diret pathway from Einstein  Hilbert's Foundation of
Physis [1, 2℄ to QFT of universes, we onsider GR in the homogeneous approximation of the
interval
ds2 ≃ ds2WDW = a2(x0)[(N0(x0)dx0)2 − (dxidxi)].
where Hilbert's ation (1) and interval (2) take the form
Scosmic = V0
∫
dx0N0
[
−
(
dϕ
N0dx0
)2
− ρ0(ϕ)
]
, (4)
dη = N0(x
0)dx0 −→ η =
x0∫
0
dx0N0(x
0), (5)
here a(x0) is the osmologial sale fator,
ϕ(x0) = ϕ0a(x
0) (6)
2
is the running sale of all masses, ρ0(ϕ) is the energy density of the matter in a universe, V0
is a spatial volume, and N0 is the lapse funtion. This homogeneous approximation keeps the
symmetry of the ation and the interval with respet to reparametrizations of the oordinate
evolution parameter x0 → x0 = x0(x0). Reall that similar diffeomorphisms in the ase of
SR leads to energy onstraint determining observable quantities of the type of energy, time-like
variable and number of partiles in quantum theory [4, 9℄.
In the WDW osmology this gauge symmetry means that the sale fator ϕ is the time-like
variable in the field spae of events introdued by Wheeler and DeWitt in [3℄, and the anonial
momentum Pϕ is the orresponding Hamiltonian that beomes the energy Eϕ in equations of
motion.
The diret historial pathway from SR to QFT of partiles [4℄ shows us a similar diret
pathway from Hilbert's Foundation of Cosmology (4), (5) to QFT of universes. Wheeler and
DeWitt [3℄ inluded in this pathway
1) the Hamiltonian approah:
Scosmic =
∫
dx0
[
−Pϕ∂0ϕ− N0
4V0
(−P 2ϕ + E2ϕ)] , (7)
where
Eϕ = 2V0
√
ρ0(ϕ) (8)
is treated as the energy of a universe,
2) onstraining: P 2ϕ − E2ϕ = 0,
3) primary quantization: [Pˆ 2ϕ −E2ϕ]Ψ = 0, here Pˆϕ = −id/dϕ.
We proposed here to inlude also the transition to holomorphi variables [6℄ used in
4) seondary quantization: Ψ = ([A+ +A−]/
√
2Eϕ),
5) Bogoliubov's transformation: A+ = αB++β∗B−,
6) postulate of Bogoliubov's vauum : B−|0 >U= 0, and
7) osmologial reation of the universes from the Bogoliubov vauum.
Let us arry out this programme in detail.
2.3 Hamiltonian redution
In the osmologial model (7), there are two independent equations: the one of the lapse funtion
δScosmic/δN0 = 0:
P 2ϕ = E
2
ϕ, (9)
treated as the energy onstraint, and the equation of momentum δScosmic/δPϕ = 0
Pϕ = 2V0ϕ
′, (10)
where ϕ′ = dϕdη . The onstraint (9) has two solutions
P±ϕ = ±Eϕ = ±2V0
√
ρ(ϕ), (11)
where Eϕ, given by Eq. (8), is identified with the one-universe energy. The substitution of
these solutions into ation (7) and interval (5) gives us their values
Scosmic|Pϕ=P±ϕ = S
±
cosmic = ∓2V0
ϕ0∫
ϕ
dϕ˜
√
ρ0(ϕ˜), (12)
3
and
η(ϕ|ϕ0) = 2V0
ϕ0∫
ϕ
dϕ˜
P±ϕ
= ±
ϕ0∫
ϕ
dϕ˜√
ρ0(ϕ˜)
≡ ±(η0 − r), (13)
respetively. We alled these values the Hamiltonian redution of the geometri system (7), (5).
Eq. (13) is treated, in the observational osmology [10, 11℄, as the onformal version of the
Hubble law. This law desribes the relation between the redshift z + 1 = ϕ0/ϕ(η) of spetral
lines of photons (emitted by atoms on a osmi objet at the onformal time η(ϕ|ϕ0) = η) and
the oordinate distane r = η0 − η of this objet, where η0 is the present-day moment. Thus,
we see that WDW osmology oinides with the Friedmann one ϕ′2 = ρ0(ϕ). Our task is to
onsider the status of this Friedmann osmology in QFT of universes obtained by the first and
the seondary quantization of the onstraint (9).
2.4 Quantum Field Theory of universes
After the primary quantization of the osmologial sale fator ϕ: i[Pϕ, ϕ] = 1 the energy
onstraint (9) transforms to the WDW equation
∂2ϕΨ+ E
2
ϕΨ = 0. (14)
This equation an be obtained in the orresponding lassial WDW field theory for universes of
the type of the Klein  Gordon one:
SU =
∫
dϕ
1
2
[
(∂ϕΨ)
2 − E2ϕΨ2
] ≡ ∫ dϕLU. (15)
Introduing the anonial momentum PΨ = ∂LU/∂(∂ϕΨ), one an obtain the Hamiltonian form
of this theory
SU =
∫
dϕ {PΨ∂ϕΨ−HU} , (16)
where
HU =
1
2
[
P 2Ψ + E
2
ϕΨ
2
]
. (17)
is the Hamiltonian. The onept of the one-universe energy Eϕ gives us the opportunity to
present this Hamiltonian HU in the standard forms of the produt of this energy Eϕ and the
number of universes
NU = A
+A−, (18)
HU = Eϕ
1
2
[
A+A− +A−A+
]
= Eϕ[NU +
1
2
] (19)
by means of the transition to the holomorphi variables
Ψ =
1√
2Eϕ
{A+ +A−}, PΨ = i
√
Eϕ
2
{A+ −A−}. (20)
The dependene of Eϕ on ϕ leads to the additional term in the ation expressed in terms the
holomorphi variables
PΨ∂ϕΨ =
[
i
2
(A+∂ϕA
− −A+∂ϕA−)− i
2
(A+A+ −A−A−)△(ϕ)
]
, (21)
where
△(ϕ) = ∂ϕEϕ
2Eϕ
. (22)
The last term in (21) is responsible for the osmologial reation of universes from vauum.
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2.5 Bogoliubov transformation and reation of universes
In order to define stationary physial states, inluding a vauum, and a set of integrals of
motion, one usually uses the Bogoliubov transformations [5, 6℄ of the holomorphi variables of
universes (A+, A−):
A+ = αB++β∗B−, A− = α∗B−+βA+ (|α|2 − |β|2 = 1), (23)
so that the lassial equations of the field theory in terms of universes
(i∂ϕ + Eϕ)A
+ = iA−△(ϕ), (i∂ϕ − Eϕ)A− = iA+△(ϕ), (24)
take a diagonal form in terms of quasiuniverses B+, B−:
(i∂ϕ + EB(ϕ))B
+ = 0, (i∂ϕ − EB(ϕ))B− = 0. (25)
The diagonal form is possible, if the Bogoliubov oeffiients α, β in Eqs. (23) satisfy to equations
(i∂ϕ + Eϕ)α = iβ△(ϕ), (i∂ϕ − Eϕ)β∗ = iα∗△(ϕ). (26)
For the parametrization
α = eiθ(ϕ) cosh r(ϕ), β∗ = eiθ(ϕ) sinh r(ϕ), (27)
where r(ϕ), θ(ϕ) are the parameters of squeezing and rotation, respetively, Eqs. (26) beome
(i∂ϕθ − Eϕ) sinh 2r(ϕ) = −△(ϕ) cosh 2r(ϕ) sin 2θ(ϕ), ∂ϕr(ϕ) = △(ϕ) cos 2θ(ϕ), (28)
while energy of quasiuniverses in Eqs. (25) is defined by expression
EB(ϕ) =
Eϕ − ∂ϕθ(ϕ)
cosh 2r(ϕ)
. (29)
Due to Eqs. (25) the number of quasiuniverses NB = (B+B−) is onserved
dNB
dϕ
≡ d(B
+B−)
dϕ
= 0. (30)
Therefore, we an introdue the vauum as a state without quasiuniverses:
B−|0 >U= 0. (31)
A number of reated universes from this Bogoliubov vauum is equal to the expetation value
of the operator of the number of universes (18) over the Bogoliubov vauum
NU(ϕ) = U < A
+A− >U≡ |β|2 = sinh2 r(ϕ), (32)
where β is the oeffiient in the Bogoliubov transformation (23), and NU(ϕ) is alled the dis-
tribution funtion. Introduing the Bogoliubov ondensate
RU(ϕ) = i(αβ
∗ − α∗β) ≡ U < PΨΨ >U= i
2
U< [A
+A+ −A−A−] >U, (33)
one an rewrite the Bogoliubov equations of the diagonalization (26)
dNU
dϕ
= △(ϕ)
√
4NU(NU + 1)−R2U,
dRU
dϕ
= −2Eϕ
√
4NU(NU + 1)−R2U.
(34)
It is natural to propose that at the moment of reation of the universe ϕ(η = 0) = ϕI both these
funtions are equal to zero NU(ϕ = ϕI) = RU(ϕ = ϕI) = 0. This moment of the onformal time
(13) η = 0 is distinguished by the vauum postulate (31) as the beginning of a universe.
5
2.6 Quantum anomaly of onformal time
As it was shown in the ase of a partile in QFT [4℄, the postulate of a vauum as a state with
minimal energy restrits the motion of a universe in the spae of events, so that a universe
with Pϕ+ moves forward and with Pϕ− bakward.
Pϕ+ → ϕI ≤ ϕ0; Pϕ− → ϕI ≥ ϕ0. (35)
If we substitute this restrition into the interval (13)
η(Pvh+) =
ϕ0∫
ϕI
dϕ√
ρ0(ϕ)
; ϕI ≤ ϕ0, (36)
η(Pϕ−) =
ϕI∫
ϕ0
dϕ√
ρ0(ϕ)
; ϕI ≥ ϕ0, (37)
one an see that the geometri interval in both ases is positive. In other words, the stability of
quantum theory as the vauum postulate leads to the absolute point of referene of this interval
η = 0 and its positive arrow. In QFT the initial datum ϕI is onsidered as a point of reation or
annihilation of universe. One an propose that the singular point ϕ = 0 belongs to antiuniverse.
In this ase, a universe with a positive energy goes out of the singular point ϕ = 0.
In the model of rigid state ρ = p, where Eϕ = Q/ϕ Eqs. (34) have an exat solution
NU =
1
4Q2 − 1 sin
2
[√
Q2 − 1
4
ln
ϕ
ϕI
]
6= 0, (38)
where
ϕ = ϕI
√
1 + 2HIη (39)
and ϕI ,HI = ϕ
′
I/ϕI = Q/(2V0ϕ
2
I) are the initial data.
We see that there are results of the type of the arrow of time and absene of the osmologial
singularity (36), whih an be understood only on the level of quantum theory, where symmetry
η → −η is broken [12, 13℄.
3 General Relativity
General Relativity (GR) [1, 2℄ is given by two fundamental quantities: the dynami ation (1)
and geometri interval (2)
gµνdx
µdxν ≡ ω(α)ω(α) = ω(0)ω(0) − ω(1)ω(1) − ω(2)ω(2) − ω(3)ω(3), (40)
where are ω(α) linear differential forms introdued by Fok [14℄ as omponents of an orthogonal
simplex of referene.
Hilbert's Foundation of Physis in terms of Fok's simplex ontains two priniples of rela-
tivity: the geometri  general oordinate transformations
xµ → x˜µ = x˜µ(x0, x1, x2, x3), ω(α)(xµ) → ω(α)(x˜µ) = ω(α)(xµ) (41)
and the dynami priniple formulated as the Lorentz transformations of an orthogonal simplex
of referene
ω(α) → ω(α) = L(α)(β)ω(β). (42)
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The latter are onsidered as transformations of a frame of referene.
Fok's separation of the frame transformations (42) from the gauge ones (41) [14℄ allows us to
onsider GR and SR on equal footing. A diret pathway from Hilbert's geometri formulation of
GR to Quantum Gravity passed by ontemporary QFT through Dira's Hamiltonian redution
and Bogoliubov transformations [5, 6℄:
GR-1915 SR-1915
⇓ ⇓ ⇐ redution
GR-1905 SR-1905
⇓ ⇓ ⇐ quantization
QFT of universes QFT of partiles
was reonstruted in [17℄.
3.1 The Dira  ADM frame
The Hamiltonian approah to GR is formulated in the frame of referene given by Fok's simplex
of referene in terms of the Dira variables [15℄
ω(0) = ψ
6Nddx
0, ω(b) = ψ
2
e(b)i(dx
i +N idx0); (43)
here triads e(a)i form the spatial metris with det |e| = 1.
3.2 Zel'manov's lass of funtions of diffeomorphisms
Zel'manov established in [16℄ that a frame of referene determined by forms (43) is invariant
with respet to transformations
x0 → x˜0 = x˜0(x0); xi → x˜i = x˜i(x0, x1, x2, x3) , (44)
N˜d = Nd
dx0
dx˜0
; N˜k = N i
∂x˜k
∂xi
dx0
dx˜0
− ∂x˜
k
∂xi
∂xi
∂x˜0
. (45)
This group of transformations onserves a family of hypersurfaes x0 = const., and it alls the
kinemetri subgroup of the group of general oordinate transformations. The kinemetri
subgroup ontains reparametrizations of the oordinate evolution parameter.
The reparametrization of the oordinate evolution parameter (x0) means that this speifi
frame of referene (43) should be redefined by pointing out two Dira observables: time-like
variable in the field spae of events and the time as a geometri interval [6℄.
3.3 Separation of Sale Fator
The osmologial evolution is the irrefutable observational argument in favor of existene of suh
a homogeneous variable onsidered in GR as the osmologial sale fator. The osmologial sale
fator a(x0) introdued by the sale transformation: gµν = a
2(x0)g˜µν , where g˜µν is defined by
7
(43), where N˜d = a
2Nd and ψ˜
2 = a−1ψ2. In order to keep the number of variables of GR, the
sale fator an be defined using the spatial averaging log
√
a ≡ 〈logψ〉 ≡ V −10
∫
d3x logψ, so
that the rest salar omponent ψ˜ satisfies the identity [17℄
〈log ψ˜〉 ≡ V −10
∫
d3x log ψ˜ = V −10
∫
d3x [logψ − 〈logψ〉] ≡ 0, (46)
where V0 =
∫
d3x is finite volume. The similar sale transformation of a urvature
√−gR(g) =
a2
√
−g˜R(g˜)− 6a∂0
[
∂0a
√
−g˜ g˜00
]
onverts ation (1) into
S = S˜ −
∫
V0
dx0(∂0ϕ)
2
∫
d3xN˜−1d , (47)
where S˜ is the ation (1) in terms of metris g˜ and the running sale of all masses ϕ(x0) = ϕ0a(x
0)
and (N˜d)
−1 =
√
−g˜ g˜00. One an onstrut the Hamiltonian funtion using the definition of a
set of anonial momenta:
Pϕ =
∂L
∂(∂0ϕ)
= −2V0∂0ϕ
〈
(N˜d)
−1
〉
= −2V0 dϕ
dζ
≡ −2V0ϕ′, (48)
pψ =
∂L
∂(∂0 log ψ˜)
≡ −4ϕ
2
3
· ∂l(ψ˜
6N l)− ∂0(ψ˜6)
ψ˜6N˜d
, (49)
where dζ = 〈(N˜d)−1〉−1dx0 is a time-interval invariant with respet to time-oordinate transfor-
mations x0 → x˜0 = x˜0(x0). The Hamiltonian form of the ation in terms of momenta Pϕ and
PF = [pψ, p
i
(b), pf ] inluding (48), (49) takes the form
S =
∫
dx0
[∫
d3x
(∑
F
PF∂0F+C−N˜dT˜ 00
)
−Pϕ∂0ϕ+
P 2ϕ
4
∫
dx3(N˜d)−1
]
, (50)
where C = N iT 0i + C0pψ + C(b)∂kek(b) is the sum of onstraints with the Lagrangian multipliers
N i, C0, C(b) and the energymomentum tensor omponents T
0
i ; these onstraints inlude the
transversality ∂ie
i
(b) ≃ 0 and the Dira minimal surfae [15℄:
pψ ≃ 0 ⇒ ∂j(ψ˜6N j) = (ψ˜6)′ (N j = N j〈N˜−1d 〉). (51)
The expliit dependene of T˜ 00 on ψ an be given in terms of the sale-invariant Lihnerowiz
variables [18℄ in the spae-time defined by the Fok simplex ω
(L)
(µ) = ψ
−2ω(µ):
T˜ 00 = ψ˜
7△ˆψ˜ +
∑
I
ψ˜IaI/2−2τI , (52)
where △ˆF ≡ (4ϕ2/3)∂(b)∂(b)F is the Laplae operator and τI is partial energy density marked
by the index I running a set of values I = 0 (stiff), 4 (radiation), 6 (mass), 8 (urvature), 12
(Λ-term) in aordane with a type of matter field ontributions, and a is the sale fator.
3.4 Hamiltonian Redution
The energy onstraint δS[ϕ0]/δN˜d = 0 takes the algebrai form
−δS˜[ϕ]
δN˜d
≡ T˜ 00 =
(∂0ϕ)
2
N˜2d
=
P 2ϕ
4V 20 [〈(N˜d)−1〉N˜d]2
, (53)
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where T 00 is the loal energy density by definition. The spatial averaging of this equation multi-
plied by N˜d looks like the energy onstraint
P 2ϕ = E
2
ϕ, (54)
where the Hamiltonian funtional Eϕ = 2
∫
d3x(T˜ 00 )
1/2 = 2V0〈(T˜ 00 )1/2〉 an be treated as the
universe energy by analogy with the partile energy in speial relativity (SR). Eqs. (48) and
(54) have the exat solution
ζ(ϕ0|ϕ) ≡
∫
dx0
〈
(N˜d)
−1
〉−1
= ±
∫ ϕ0
ϕ
dϕ˜〈(T˜ 00 (ϕ˜))1/2〉
−1
(55)
well known as the Hubble-type evolution. The loal part of Eq. (53) determines a part of the
Dira lapse funtion invariant with respet to diffeomorphisms of the Hamiltonian formulation
x0 → x˜0 = x˜0(x0) [16℄:
Ninv = 〈(N˜d)−1〉N˜d =
〈√
T˜ 00
〉(√
T˜ 00
)−1
. (56)
One an find evolution of all field variables F (ϕ, xi) with respet to ϕ by the variation of the
redued ation obtained as values of the Hamiltonian form of the initial ation (50) onto the
energy onstraint (54) [17℄:
S|Pϕ=±Eϕ =
ϕ0∫
ϕ
dϕ˜
{∫
d3x
[∑
F
PF∂ϕF + C¯ ∓ 2
√
T˜ 00 (ϕ˜)
]}
, (57)
where C¯ = C/∂0ϕ˜. The redued Hamiltonian
√
T˜ 00 is Hermitian, if the minimal surfae onstraint
(51) removes a negative ontribution of pψ from the energy density. The redued ation (57)
shows us that the initial data at the beginning ϕ = ϕI are independent of the present-day ones at
ϕ = ϕ0, therefore the proposal about an existene of the Plank epoh ϕ = ϕ0 at the beginning
[19℄ looks very doubtful. Let us onsider onsequenes of the lassial redued theory (57) and
quantization of the energy onstraint (54) without the Plank epoh at the beginning.
3.5 The low-energy deomposition of redued ation
We have seen above that in the redued ation (57) momenta Pϕ± = ±Eϕ beome the genera-
tors of evolution of all variables with respet to the evolution parameter ϕ forward and bakward,
respetively.
Let us onsider the positive branh and assume that the loal density T 00 = ρ(0)(ϕ) + Tf
ontains a tremendous osmologial bakground ρ(0)(ϕ). The low-energy deomposition of re-
dued ation (57) 2dϕ
√
T˜ 00 = 2dϕ
√
ρ(0) + Tf = dϕ
[
2
√
ρ(0) + Tf/
√
ρ(0)
]
+ ... over field den-
sity Tf gives the sum S|Pϕ=+Eϕ = S(+)cosmic + S(+)field + . . ., where the first term of this sum
S
(+)
cosmic = +2V0
ϕ0∫
ϕI
dϕ
√
ρ(0)(ϕ) is the redued osmologial ation, whereas the seond one is
the standard field ation of GR and SM
S
(+)
field =
ζ0∫
ζI
dζ
∫
d3x
[∑
F
PF∂ηF + C¯ − Tf
]
(58)
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in the spae determined by the interval
ds2 = dζ2 −
∑
a
[e(a)i(dx
i +N idζ)]2; ∂iei(a) = 0, ∂iN i = 0 (59)
with onformal time dη = dζ = dϕ/ρ
1/2
(0) as the diffeo-invariant and sale-invariant quantity,
oordinate distane r = |x|, and running masses m(ζ) = a(ζ)m0. This expansion shows us
that the Hamiltonian approah identifies the onformal quantities with the observable ones
inluding the onformal time dη, instead of dt = a(η)dη, the oordinate distane r, instead of
Friedmann one R = a(η)r, and the onformal temperature Tc = Ta(η), instead of the standard
one T [10℄. In this ase the red shift of the spetral lines of atoms on osmi objets
Eemission
E0
=
matom(η0 − r)
matom(η0)
≡ ϕ(η0 − r)
ϕ0
= a(η0 − r) = 1
1 + z
is explained by the running masses m = a(η)m0 in ation (58).
The onformal observable distane r loses the fator a, in omparison with the nononformal
one R = ar. Therefore, the redued interval (59) desribing the redshift  oordinate-distane
relation [10℄ orresponds to a different equation of state than in the ase of the standard Λ- Dark
Matter osmology. the Supernova data are onsistent with the dominane of the stiff state,
ΩStiff ≃ 0.85 ± 0.15, ΩMatter = 0.15 ± 0.10 [10, 11℄, where we have the square root dependene
of the sale fator on onformal time a(η) =
√
1 + 2H0(η − η0). Just this time dependene of
the sale fator on the measurable time (here  onformal one) is used for desription of the
primordial nuleosynthesis [11, 20℄.
This stiff state is formed by a free salar field when Eϕ = 2V0
√
ρ0 = Q/ϕ. Just in this ase
there is an exat solution of Bogoliubov's equations (38)
3.6 The Quantum Universe
In the low-energy approximation GR is split onto the osmologial model onsidered in Setion
2, and quantum field theory (58) far from large masses [17℄. The wave funtion is a sum of
produts of the wave funtion of the homogeneous Universe and the wave funtion of the matter
inluding gravitons settled in the spae-time desribed by (59) with ψ˜ = 1, Nint = 1. The wave
funtion of the matter fields with running masses is obtained by the Bogoliubov transformations
(see in details [6, 21℄).
4 Conlusion
We gave here a set of theoretial and observational arguments in favor of that General Relativity
has a onsistent interpretation in the form of quantum theory of the type of the mirosopi
theory of superfluidity [8, 7, 5℄ with the Bogoliubov transformations used for onstrution of
integrals of motion and stable physial states.
Our hopes for an opportunity to onstrut a realisti quantum theory for GR were based, on
the one hand, on the existene of the Hilbert-type geometri formulation [2℄ of Speial Relativity
(SR) with the energy onstraint onsidered as the simplest model of GR and, on the other
hand, on the ontemporary quantum field theory (QFT) based on the primary and seondary
quantization of this energy onstraint [4℄.
We reonstruted the diret pathway from geometry of GR [2℄ to the ausal operator quan-
tization of universes and to their quantum reation from vauum onsidered as a state with the
minimal energy. This formulation inluded the Wheeler  DeWitt definition of field spae of
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events [3℄, where diffeomorphisms were split from transformations of the frames of referenes
using the Fok simplex of referene [14℄; the hoie of the Dira speifi frame of referene [15℄;
resolving the energy onstraint in the lass of funtions of the gauge transformations established
by Zel'manov [16℄; the alulation of values of the geometri ation and interval onto the res-
olutions of the energy onstraint [17℄ in order to get the dynami redued ation in terms of
difeo-invariant variables and to define the notions energy, time, partile and universe,
number of partiles and universes by the low-energy expansion of this redued ation.
The pathway of SR towards QFT [4℄ ould be repeated for GR, as the dimension of the
diffeomorphism group of Dira  ADM Hamiltonian approah to GR oinided with the dimen-
sion of onstraints removing a part of anonial momenta in aordane with the seond Nother
theorem. This oinidene takes plae, if the osmologial evolution is onsidered as a olletive
dynamis [17℄. In this ase, the preservation of the number of variables in GR leads to the
Landau-type frition free osmi motion [7℄ with the London-type unique wave funtion [8℄ and
Bogoliubov-type transformations [5, 6℄. The latter is used in order to obtain a set of integrals of
motions and to alulate the distribution funtions of osmologial reation of both universes
and partiles from vauum. All these superfluid attributes were aompanied by a set of
physial onsequenes that ould be understood as only pure quantum effets. In partiular,
this quantum dynamis of GR gave us possible solutions of the topial astrophysial problems,
inluding horizon, homogeneity, osmologial singularity, arrow of time, CMB flutuations [17℄.
The Hamiltonian approah revealed the double ounting of the osmologial sale fator in
the standard Lifshitz perturbation theory. It means that this standard perturbation theory does
not oinide with the Einstein theory [17℄. Avoiding this double ounting, in order to return bak
to GR, we have obtained new Hamiltonian equations. These equations do not ontain the time
derivatives that are responsible for the primordial power spetrum in the inflationary model
[19℄. However, Dira's Hamiltonian approah to GR gave us another possibility to explain this
spetrum and other problems of osmology by the osmologial reation of the primordial W-,
Z- bosons from vauum when their Compton length oinides with the universe horizon [21℄.
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